Introduction

E
pidemiology is an important part of public health practice, and estimations of disease prevalence are essential to determine the need for care and related costs. 1 Disease prevalence can be estimated by direct methods such as health surveys 2 or by indirect methods such as health administrative databases. The latter are patient record databases (PRDs) that facilitate retrospective analyses of health parameters, diagnoses and prescribed drugs or purely administrative databases (PAD) including detailed information on reimbursed medical procedures and dispensed medication. 3, 4 Health surveys provide a relatively inexpensive method of gathering prevalence information, but they have often been criticized for potential bias due to self-reporting and sampling errors, such as sample selection and non-response. PRDs also have limitations, e.g. their dependence on coding behaviour of clinicians, which can thus yield heterogeneous results. 1 Finally, PADs that infer the disease status from dispensed medication are limited to conditions exclusively treated with specific medication that could be used in any stage of the disease. Furthermore, very little is known about the validity of using dispensed medication data to estimate disease prevalence. A number of studies have found that dispensed and prescribed medication data provide higher estimates for the prevalence of certain chronic conditions when compared with prevalences from registered and self-reported diagnoses. 1, 5 These studies make a case for using medication data as a meaningful way to estimate the prevalence of certain diseases, provided that the databases used are exhaustively and rigorously completed.
Various studies have used direct and indirect methods for prevalence estimation, but few offer an insight into the validity of these different methods by comparing medication-based estimates to prevalences based on registered or self-reported diagnoses. 6, 7 Diabetes mellitus and thyroid disorders are chronic conditions that are relevant for general practitioners (GPs), as they often require close follow-up and management. Furthermore, these conditions fulfill the following assumptions: patients are mainly treated pharmacologically; the pharmacological treatment is specific for these conditions; and the treatment requires regular and continuous intake.
Therefore, this study was designed, first, to determine whether self-reported, dispensed and prescribed medication data obtained from a national health interview survey (HIS), PAD and PRD, respectively, could be used to estimate the prevalence of diabetes and thyroid disorders. Second, these pharmaco-epidemiological estimates were compared with prevalences based on self-reported data from HIS and diagnosis-based prevalences from PRD.
Methods
Study design and population
This study is a descriptive cross-sectional study and was approved by the Medical Ethical Committee of the University of Leuven, Belgium (mp11398). The study population included patients residing in Flanders, the Northern region of Belgium, during the period of 1 January 2008 to 31 December 2008. Flanders had a population of $6 161 600 at the beginning of 2008. 8 Belgium provides its citizens with universal health care.
Data sources
PAD-Inter-Mutualistic Agency; Pharmanet
Health insurance in Belgium is mandatory and covers 99% of the population. The Inter-Mutualistic Agency (IMA) is a joint venture of the seven national sickness funds and collects and manages all data on healthcare expenditures as well as Pharmanet data.
9 Pharmanet logs all data on reimbursed dispensed medication from public pharmacies in Belgium. 10, 11 Drug information from Pharmanet is classified according to the WHO's Anatomical Therapeutic Chemical (ATC) classification system. The 'Echantillon Permanent/Permanente Steekproef' (EPS, Permanent Sample) is an anonymous, representative randomized sample of 1/40th of the Belgian population from the IMA database. 10 In this study, only Flemish data (n = 154 688) were included.
Health survey-Belgian National HIS
The second data source used in this study is the Belgian National HIS 2008, which was conducted between May 2008 and July 2009 in a sample of Belgian residents (n = 11 253). 12 A detailed description of the design and sampling methods can be found elsewhere. 13 Through the use of post-stratification weights, results are representative for the total Belgian population. 14 The survey was carried out by Statistics Belgium 15 and exempted by law from requiring ethics approval. For the purpose of this study, only the Flemish population within HIS (n = 3896) was taken into account. In 2012, an authorization demand was obtained from the Belgian Privacy Commission (no SCSZG/12/012) to link data from HIS of 2008 with IMA data, by making use of a unique identifier for each person (social security number). For 122 respondents (3.1%) the social security number could not be retrieved, leading to a linked database of 3774 HIS participants. Among those, 62 could not be identified in the IMA database. It was assumed that they were not insured and did not receive medication. The denominator in the diabetes group was 3743 and 3757 in the thyroid disorders group. These differences can be explained by non-response to specific questions regarding diabetic disease or thyroid disorders by 31 and 17 patients, respectively. The linked database is referred to as the 'HIS-PAD database'
PRD-Intego database
In addition, data were obtained from Intego, a Flemish general practice-based morbidity registration network at the Department of General Practice of the University of Leuven, Belgium. 3, 16 Intego procedures were approved by the ethical review board of the Medical School of the University of Leuven (N ML 1723) and by the Belgian Privacy Commission (no SCSZG/13/079). In 2008, 86 GPs, all using the medical software program Medidoc (Corilus NV, Aalter, Belgium), collaborated in the Intego project. They worked in 55 practices evenly spread throughout Flanders, Belgium. GPs applied for inclusion in the registry. Before acceptance of their data, registration performance was audited using a number of algorithms that compared their results with those of all other applicants. Only the data of the practices with good registration performance were included in the database. The selection procedure was described in detail previously. 3 Using specially framed extraction software, data were encrypted and collected from GPs' personal computers and entered into a central database. Registered data were continuously updated and historically accumulated for each patient. Diagnoses were classified according to a very detailed thesaurus automatically linked to the International Classification of Primary Care-2nd Edition (ICPC-2) and the International Statistical Classification of Diseases and Related Health Problems-10th Revision (ICD-10). Drugs were classified according to the ATC classification system. The estimated practice population (PP) of 2008 (n = 153 092) was used as the denominator for the analyses. 16 
Identification of diseases and medication use
In the PRD, the ICPC-2 codes used for diabetes mellitus were 'diabetes insulin dependent' (T89) and 'diabetes non-insulin dependent' (T90), and 'malignant neoplasm thyroid' (T71), 'benign neoplasm thyroid' (T72), 'goitre' (T81), 'hyperthyroidism/ thyotoxicosis' (T85) and 'hypothyroidism/myxoedema' (T86) for thyroid disorders. No distinction was made between types of diabetes mellitus or between the different thyroid disorders. Prevalence information from HIS was collected on a list of chronic diseases, including diabetes and thyroid disorders. Respondents were asked whether they had suffered from the disease in the past 12 months. The wording of the disease was based on guidelines from Eurostat in the framework of the European Health Interview Survey. 17 The ATC code used for antidiabetic medication was A10 [including insulins and analogues (A10A), blood glucose lowering drugs, excluding insulin (A10B) and other drugs used in diabetes (A10X)] and H03 for thyroid therapy [including thyroid preparations (H03A), antithyroid preparations (H03B) and iodine therapy (H03X)]. In the HIS database, two methods were used to estimate medication use: selfreported medication use in the two weeks before the interview, based on disease categories, and self-reported medication use in the past 24 h, based on brand names, which were subsequently recoded into ATC codes. Self-reported thyroid medication use in the 2 weeks before the interview was not available.
Statistical analysis
For the first part of the analysis, the disease prevalence rates based on medication data, clinical diagnosis and self-report were compared. PRD disease prevalences were based on the ICPC-2 codes calculated on 31 December2008. Disease prevalence based on medication was defined as at least one prescription of the aforementioned drugs in 2008. PAD prevalences were based on the total number of people with dispensed diabetes or thyroid medication in a public pharmacy in 2008 among all insured people. HIS estimates were representative of the 2008 Flemish population through the use of post-stratification weights, with the national register as auxiliary database. Sensitivity analyses consisted of repeated analyses for patients who received at least two or three prescriptions.
Finally, our results were cross-tabulated within PRD (clinical diagnoses vs. prescribed drugs) and within the HIS-PAD database (self-reported diagnoses vs. dispensed drugs). Using the GPs' coded or the patients' self-reported diagnoses as the reference standard, sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) (and the 95% CIs) of the disease prevalence based on prescribed and dispensed medication, respectively, were calculated. This was repeated for 2013 in the PRD and a sensitivity analysis with only hypothyroidism (T86) was performed. A P values < 0.05 was considered statistically significant. All statistical analyses were performed using R Software Version 3.0.3 (Free Software Foundation Inc., Boston, MA, USA), SAS 9.3 (SAS Institute, Cary NC, USA) and Stata 14.0 (StataCorp LP, College Station, TX, USA).
Results
Comparison of prevalence rates based on different medication databases
The mean age was 41.4 years in the PAD, 40.9 years in the HIS database and 40 years in the PRD, and the proportion of women was 51, 51 and 50%, respectively (table 1) .
The prevalence of diabetes was highest based on dispensed medications (PAD) (4.39%, 95% CI 4.29-4.49%) and lowest based on prescribed medications (PRD) (2.39, 95% CI 2.32-2.47%). In the HIS database, the prevalence of diabetes was significantly different between the two methods used [2 weeks vs. 24 h, 3.57 vs. 2.78% (P = 0.041), respectively]. The same results were found for prevalence of thyroid disorders, where the highest prevalence was based on dispensed medications (PAD) (2.98%, 95% CI 2.89-3.06%) and the lowest on prescribed medications (PRD) (1.72%, 95% CI 1.66-1.79%). The simulations based on the use of !2 and !3 prescriptions showed an overall decline in prevalence in both conditions in all databases (table 1).
PRD: sensitivity and specificity of prescribed medication
The sensitivity and specificity of prescribed medication for the doctor-recorded prevalence of diabetes were 56.5 and 99.6%, respectively. For thyroid disorders, the sensitivity and specificity of prescribed medication were 43.6 and 99.2%, respectively (table 2).
For both diabetes and thyroid disease the sensitivity of prescribed medication was below 60% and decreased further with an increasing number of prescriptions, while specificity remained above 99%. NPV of prescribed medication was !98% for both diseases in all scenarios. PPV was high for prescribed diabetes medication and ranged between 85 and 88%. For prescribed thyroid medication, PPV was lower and ranged between 54 and 57%.
This exercise was repeated for 2013 (data not shown). The prevalence of diabetes and thyroid disorders based on a recorded diagnosis rose to 5.34% (95% CI 5.22-5.46) and 2.45% (95% CI 2.37-2.53), respectively. The sensitivity of prescribed medication ranged between 36 and 46% and between 26% and 46% for diabetes and thyroid disorders, respectively, according to the number of prescriptions taken into account. Specificity remained !99% in all scenarios.
The prevalence of hypothyroidism (T86) was 0.93% (0.88-0.98) in 2008 (data not shown). Sensitivity was 66, 55 and 42% for !1, !2 and !3 prescriptions, respectively. Specificity was !98% in all scenarios.
HIS-PAD database: sensitivity and specificity of dispensed medication
The sensitivity and specificity of dispensed medication for a selfreported diagnosis of diabetes were high, 90.4 and 98.9%, respectively. The sensitivity and specificity of dispensed medication for self-reported thyroid disorders were 77.5 and 98.5%, respectively. Notable for thyroid disorders was the sensitivity drop from 70.5 to 48.3% for !2 dispensed prescriptions and !3 dispensed prescriptions, respectively. The NPV of dispensed medication was !98% for both diseases in all scenarios. The PPV for dispensed diabetes medication ranged between 73 and 81%. For dispensed thyroid medication the PPV was lower and ranged between 61 and 66% (table 3).
Discussion
Dispensed medications (PAD) showed the highest prevalence for both diabetes and thyroid disorders, approximating the prevalence rates reported in other epidemiological studies. [18] [19] [20] [21] [22] [23] The lowest prevalences were based on prescribed medications (PRD) and self-reported medication (HIS). The sensitivity of prescribed medication for clinical diagnoses (PRD) was rather low. Conversely, the HIS-PAD database showed that dispensed medication had a higher sensitivity for self-reported diabetes and thyroid disorders. The specificities of dispensed medication (HIS-PAD database) and of prescribed medication (PRD) were high for both conditions. Recently, the NCD Risk Factor Collaboration performed a pooled analysis of 751 population-based studies and found a mean prevalence of diabetes of 5.9% for women and 7.9% for men in Northwestern Europe. 18 According to WHO estimates, the prevalence of diabetes for the European region was 7.3% in 2014. 19 Large epidemiological studies have shown a wide variation in the prevalence of thyroid disorders. [20] [21] [22] A meta-analysis of nine studies found a mean prevalence of 3.82% for thyroid disorders in Europe. 23 This study showed lower prevalences for both conditions in Flanders in 2008. However, the prevalence of these conditions increased substantially in the subsequent years, as shown by the 2013 prevalence estimates from the PRD. Furthermore, the 'most realistic' prevalence of diabetes in PRD is often estimated based on the combination of a registered diagnosis, laboratory values (haemoglobin A1C > 6.5%) and prescribed medication, in order to overcome the limitations of registries. 24 In Portugal, one study found a slightly lower prevalence of diabetes using the pharmaco-epidemiological approach (2.52%) compared with the prevalence reported by the Portuguese National Health Authorities (3-5%) based on a national health survey. 6 In a similar study in Cadiz, Spain, the prevalence of hypothyroidism was estimated based on the defined daily dose (DDD), the prescribed daily dose and patient records linked with the Andalusian Health Service. The authors concluded that patient records were a more valuable tool to estimate the prevalence of hypothyroidism than DDD. 7 The 45 and Up study linked selfreported diabetes information with administrative data such as pharmaceutical claims for a sample of adults aged 45 and over in New South Wales. In the linked data, 71.4% of the participants with self-reported diabetes had a record of at least one pharmaceutical claim for diabetes-related medication, which is lower than the sensitivity based on the HIS-PAD database in this study. 25 EPS (PAD data) is considered to be the most representative database for the Flemish population regarding medication, because it includes medication prescribed by both GPs and specialists. This might partly explain why the prevalence based on dispensed medications (PAD) was higher than the prevalence based on prescribed medications (PRD). PRD only registers prescriptions from GPs, so patients directly followed-up by specialists are not included. In addition, PRD only registers electronic prescriptions, which could be another reason for the lower prevalence estimates. To date, medication can be prescribed both by computer and by hand. It is conceivable that in future only electronic prescriptions will be allowed and this will probably increase the sensitivity of prescribed medication. Furthermore, PAD prevalences were higher than HIS prevalences because PAD included prescriptions for the whole year, while HIS only considered self-reported medication intake in the 2 weeks and 24 h before the interview. Compliance to medication is low, especially for chronic conditions, 26 thus patients might not report the prescribed medication.
The sensitivity of prescribed medication to estimate prevalence rates was rather low. Possible reasons are mentioned above such as follow-up by specialists or handwritten prescriptions, e.g. for patients visited at home or in nursing homes. This hypothesis was confirmed by the sensitivity finding of prescribed medication for diabetes in patients aged 60-79 years. Sensitivity increased to 65% and was mainly low (<50%) in young people and people aged 80 and over (data not shown). Additionally, some patients with diabetes could be treated with dietary measures and lifestyle changes only, leading to false negatives in the PRD and HIS-PAD database. 23 A possible reason for the low sensitivity of prescribed thyroid medication is the presence of subclinical diagnoses, which usually do not need any treatment, but may still be registered as thyroid disorders. Approximately 6% of the general population has subclinical hypothyroidism and 1% subclinical hyperthyroidism. 27 Another reason for the low sensitivity is the term 'thyroid disorders', which also includes goiters without thyroid dysfunction or thyroid tumors, neither of which need medication that is included in the ATC code H03. The sensitivity of prescribed thyroid medication increased by >20% when only the hypothyroidism (T86) diagnosis was considered. False negatives in the HIS-PAD database probably also included data from patients who did not retrieve their prescriptions from the pharmacy. False positives of prescribed or dispensed medication could partly be explained by taking into account that some medication is also used in other contexts, e.g. metformin for polycystic ovarian syndrome 28 or levothyroxine and metformin for weight loss. [29] [30] [31] However, since the proportion of false positives was smaller than that of false negatives, the actual prevalence of diabetes and thyroid disorders was probably higher than that of our calculations.
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The HIS-PAD database showed a high sensitivity and specificity for both conditions, leading to the conclusion that PAD could provide a good estimate for self-reported disease prevalence rates for diseases requiring disease-specific medication. However, although studies have shown that HIS results are adequate concerning self-reported diabetes diagnosis, they are still less reliable compared with doctor-registered diagnoses. 32 Moreover, studies have shown that self-reported data such as HIS data have a lower validity than doctor-registered data. 33, 34 In the future, the low sensitivity of a prevalence estimate based on prescribed medications (PRD) could be increased by linking the PRD with PAD. A PRD-PAD database could provide more complete prevalence estimates based on medication data, and an ideal database to validate these prevalence estimates. Furthermore, the current study underlines the importance of continuous data quality feedback in a large data registry (PRD). Periodically offering the registrators feedback on their coding behaviour will improve the quality of their registrations. 35 To our knowledge, this study was the first to perform cross-tabulations between different databases and within (sub)populations. Both the estimates of disease prevalence and the results of the cross-tabulations were taken into account to determine the validity of the data sources. The strength of this study lies in the use of three PRD, patient record database; pr, prescription(s); PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval. different databases, representative of the total Flemish population. The use of large sample sizes and post-stratification weights reduced the risk of inclusion bias.
However, a few limitations should be noted. First, the absence of a gold standard for the estimation of the disease prevalence is a restriction in this study. Second, no data were available about the percentage of medication prescribed by specialists, prohibiting correct interpretation of the medication prescribed by GPs. Third, because not all databases were linked, it was impossible to crosstabulate all the data.
To conclude, disease prevalence estimates based on dispensed medications (PAD) were shown to be higher than disease estimates based on prescribed medications (PRD) and selfreported medication use (HIS). Furthermore, the sensitivity and specificity of dispensed medication for self-reported diagnoses was shown to be high. This study revealed important limitations in using prescribed medication and self-reported medication to estimate disease prevalences. Moreover, the importance of a future linkage between PAD and PRD, was emphasized.
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Key points
This study was the first to perform cross-tabulations for disease prevalence estimates between different databases and within (sub)populations. Dispensed medication data from a purely administrative database was shown to be a reliable source to estimate self-reported disease prevalence for diseases requiring disease-specific medication. Prevalence estimates based on prescribed or self-reported medication were shown to have important limitations. This study emphasizes the importance of a future linkage between the national health insurance database and a comprehensive patient record database in Belgium.
